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Abstract
Background
There are not enough nationwide studies on perinatal HIV transmission in connection with a
combination of antiretroviral treatments in Spain. Our objectives were to study sociodemo-
graphic changes and trends in the rates of HIV diagnoses and perinatal transmission in
Spain from 1997 to 2015.
Methods
A retrospective study using data from Spanish Paediatric HIV Network (CoRISpe) and
Spanish Minimum Basic Data Set (MDBS) was performed. HIV- diagnosed children
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between 1997 and 2015 were selected. Sociodemographic, clinical and immunovirological
data of HIV-infected children and their mothers were studied in four calendar periods (P1:
1997–2000; P2: 2001–2005; P3: 2006–2010; P4: 2011–2015). Rates of perinatal HIV diag-
noses and transmission from 1997 to 2015 were calculated.
Results
A total of 532 HIV-infected children were included in this study. Of these children, 406 were
Spanish (76.3%) and 126 immigrants (23.7%). A decrease in the number of HIV diagnoses,
203 (38.2%) children in the first (P1), 149 (28%) in the second (P2), 130 (24.4%) in the third
(P3) and 50 (9.4%) in the fourth (P4) calendar periods was studied. The same decrease in
the Spanish HIV-infected children (P1, 174 (46.6%), P2, 115 (30.8%), P3, 65 (17.4%) and
P4, 19 (5.1%)) was monitored. However, an increase in the number of HIV diagnoses by
sexual contact (P1: 0%; P2: 1.3%; P3: 4.6%; P4: 16%) was observed. The rates of new peri-
natal HIV diagnoses and perinatal transmission in Spanish children decreased from 0.167
to 0.005 per 100,000 inhabitants and 11.4% to 0.4% between 1997 and 2015, respectively.
Conclusions
A decline of perinatal HIV diagnoses and transmission was observed. However, an increase
of teen-agers HIV diagnoses with sexual infection was studied. Public awareness cam-
paigns directed to teen-agers are advisable to prevent HIV infection by sexual contact.
Introduction
Perinatal HIV transmission has decreased to below 2% in newborns in high-income countries
(HIC) due to the prevention of mother-to-child transmission (PMTCT) and combination anti-
retroviral therapy (cART) [1–4]. However, information on sociodemographic changes and
trends in the rates of perinatal HIV transmission in Spain in the cART era has been obtained
from local cohorts [5–9], but not from a nationwide perspective. Although Spanish Informa-
tion Systems on New HIV Diagnoses (SINIVIH) include epidemiological, clinical and immu-
nological data on new HIV diagnoses since the year 2000, the implementation of the SINIVIH
was progressive, and did not cover all the Spanish population until the year 2013 [10].
Our objectives were: 1) to study sociodemographic changes in HIV-infected children and
teen-agers who were diagnosed in Spain; 2) to study sociodemographic changes in perinatally
HIV-infected children born in Spain and in their mothers; 3) to estimate the rate of new peri-
natal HIV diagnoses in children born in Spain; 4) to estimate the rate of perinatal HIV trans-
mission in Spain from 1997 to 2015.
Materials and methods
Data sources
The Spanish Pediatric HIV Network (CoRISpe). The Spanish Pediatric HIV Network
(CoRISpe), which collaborates actively with the Spanish HIV HGM BioBank, is an open, mul-
ticenter, retrospective, and prospective cohort founded in 2008 in accordance with Spanish
law on the protection of personal data [11–12]. CoRISpe collects epidemiological, clinical,
immunological, virological, analytical, and antiretroviral retrospective data from HIV-infected
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
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children and teen-agers since 1995 and the same prospective data from HIV-infected children
and teen-agers between the age of 0 and 18 years, with follow-up in Spanish pediatric HIV
units (SPHU) since 2008. At 31 December 2017, data from 1335 HIV-infected children and
teen-agers coming from 63 Spanish hospitals, belonging to 17 Autonomous Communities,
were collected in CoRISpe. Relevant results from those data on characteristics and trends of
new HIV diagnoses in Spain were obtained [13].
Spanish minimum basic data set. The Minimum Basic Data Set (MBDS) of the National
Surveillance System for Hospital Data in Spain, provided by the Ministry of Health, Consumer
Affairs and Social Welfare (MSSSI), is a clinical and administrative database containing clinical
information recorded at the time of hospital discharge. The MBDS has an estimated coverage
of 97.7% of total public hospital admissions. This database provides encrypted patient identifi-
cation numbers, gender, date of birth, postal codes of patient’s place, dates of hospital admis-
sion and discharge, medical institutions providing the services, the diagnosis and procedure
codes according to the International Classification of Diseases 9th Revision, Clinical Modifica-
tion (ICD-9-CM), as well as the outcome at discharge [14–15].
Ethics statement
The study was conducted according to the Declaration of Helsinki and was approved by the
Ethical Committees of each participating hospital of the CoRISpe working group, including
the Ethics and Clinical Research Committee of Paı´s Vasco, Arago´n, Navarra, La Rioja, Galicia,
Granada, Huelva, Hospital Universitario La Paz, Hospital Universitario Gregorio Maraño´n,
Hospital Universitario de Getafe, Hospital Universitario Doce de Octubre, Hospital Universi-
tario de Mostoles, Hospital Universitario Prı´ncipe de Asturias, Hospital de Torrejo´n, Hospital
Clinico San Carlos Complejo Hospitalario de Toledo, Complejo Hospitalario de Albacete Hos-
pital Marques de Valdecilla, Hospital Universitari Vall d’Hebron, Hospital Universitario Cen-
tral de Asturias, Hospital Universitario Nuestra Señora de la Candelaria, Complejo
Hospitalario Universitario Insular-Materno Infantil, Infanta Cristina de Badajoz, Complejo
Hospitalario de Ca´ceres, Hospital Universitario Virgen de la Arrixaca, Hospital Clı´nico Uni-
versitario de Valencia, Hospital Universitario La Fe, Hospital General de Castello´, Hospital
San Juan de Alicante, A´rea de Salud de Zamora, Hospital Clı´nico Universitario de Valladolid,
Complejo Asistencial de Leo´n, Hospital Regional Universitario Carlos Haya, Complejo Hospi-
talario de Torreca´rdenas, Hospital de Poniente, Hospital Universitario Virgen de las Nieves,
Hospital Universitario Virgen de la Macarena and Hospital Universitario Virgen del Rocı´o.
Written informed consent was obtained from all children’s parents/guardians, as well as from
all participants above 12 years old. Respect to the MDBS, the MSSSI evaluated the protocol of
our study and considered that it fulfilled all ethical considerations according to the Spanish
legislation. The data were treated with full confidentiality according to the Spanish legislation.
Children and data selection
HIV-infected children included in the CoRISpe who were diagnosed in Spain from 1st January
1997 to 31st December 2015 were included in the study. HIV-infected children were excluded
if they were diagnosed in foreign countries or if the children were first followed in SPHU not
participating in the CoRISpe.
1) Sociodemographic changes in HIV-infected children. At the time of HIV diagnosis
the collected data were sociodemographic (birth country, sex, HIV transmission and birth
date), clinical (Centers for Diseases Control and Prevention (CDC) stage: N-A: not or mildly
symptomatic; B: moderately symptomatic; C: severely symptomatic), comorbidity (HCV and
HBV infections), immunological (CD4+ T lymphocyte count (CD4/mm3) and CD4+ T-
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
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lymphocyte percent of total lymphocytes (%CD4)) and virological (viral load; (VL)) data in
copies/mL. Immunological categories based on %CD4 were used: category 1, no damage (25%
or over); category 2, moderate (15–24%); category 3, severe (less than 15%) [16]. According to
the year of HIV diagnosis four calendar periods were considered: period 1 (P1) from 1997 to
2000; period 2 (P2) from 2001 to 2005; period 3 (P3) from 2006 to 2010; period 4 (P4) from
2011 to 2015.
2) Sociodemographic changes in perinatally HIV-infected children born in Spain and
their mothers. Perinatally HIV-infected children born in Spain were selected. At HIV diag-
nosis, sociodemographic (sex, birth and diagnosis date), clinical (CDC stage, with the same
categories mentioned above: N-A: not or mildly symptomatic; B: moderately symptomatic; C:
severely symptomatic), comorbidity (HCV and HBV infections), immunological (CD4/mm3
and %CD4) and virological (VL) data of children were collected. The same immunological cat-
egories based on %CD4 mentioned above were used: category 1, no damage (25% or over); cat-
egory 2, moderate (15–24%); category 3, severe (less than 15%) [16]. According to the age of
HIV diagnosis, children were classified in three groups: 1) <1 year, if they were diagnosed
with<1 year of age; 2) 1–5 years, if they were diagnosed between 1 and 5 years of age; 3) >5
years, if they were diagnosed with>5 years of age. The following data were collected from
their mothers: birth country, mode of HIV transmission and period of HIV diagnosis. Accord-
ing to the period of HIV diagnosis, mothers were classified in two groups: 1) until childbirth, if
they were diagnosed before, during pregnancy or at childbirth; 2) after childbirth, if they were
diagnosed after childbirth.
According to the mode of HIV transmission, mothers were classified as: 1) intravenous
drug users (IDU), if they took intravenous drugs before or during pregnancy, and 2) No his-
tory of IDU, if they did not take them before or during pregnancy. The same four calendar
periods, mentioned above, were considered for the analysis, according to HIV diagnosis year
of the children (P1: 1997–2000; P2: 2001–2005; P3: 2006–2010; P4: 2011–2015).
3) Estimating the rate of new perinatal HIV diagnoses in children born in Spain. Peri-
natally HIV-infected children born in Spain were selected. Population projections in Spain
were obtained from the National Statistics Institute on the first day of December every year to
calculate rates, using the population of each year as the denominator [17]. Population of prov-
inces with no SPHU participating in the CoRISpe was excluded from the denominator. Popu-
lation of provinces with some SPHU participating in the CoRISpe, but not all, was adjusted
according to the proportion of HIV-infected children followed in those SPHU which partici-
pate in the CoRISpe. The total rate of new HIV diagnoses from 1997 to 2015 was calculated by
dividing the number of perinatally HIV-infected children by the sum of the corresponding
population in the study period (i.e., number of cases/100,000 inhabitants).
4) Estimating the rate of perinatal HIV transmission in Spain. All hospitalizations
between 1997 and 2015 that were coded in the MBDS with a childbirth procedure were
reviewed. The ICD-9-CM codes for defining childbirths were used: 72 (forceps, vacuum and
breech delivery); 73 (other procedures inducing or assisting delivery); 74 (cesarean section and
removal of fetus). Postal codes of patient’s place of residence to adjust the number of child-
births were used if these childbirths took place in the provinces with not SPHU participating
in the CoRISpe, or to adjust the number of childbirths, if these childbirths took place in the
provinces with some SPHU participating in the CoRISpe. ICD-9-CM codes 042 (HIV disease)
and V08 (asymptomatic HIV infection status) for defining HIV infection in the mothers were
used [15]. The percentage of childbirths from HIV-infected mothers that respect to total child-
births, per year, was calculated by dividing the number of childbirths from HIV infected moth-
ers by the total childbirths. Perinatally HIV-infected children born in Spain from 1st January
1997 to 31st December 2015, whose mothers were HIV-diagnosed until childbirth, were
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
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selected from the children included in our study to estimate the rate of perinatal HIV transmis-
sion. The rate of perinatal HIV transmission, per year, was estimated by dividing the number
of perinatally HIV-infected children by the number of childbirths from HIV-infected mothers.
Statistical analysis
Results involving categorical variables were expressed as proportions, whereas results involv-
ing continuous variables were expressed as medians and interquartile ranges.
Results
1) Sociodemographic changes in HIV-infected children
A total of 624 new cases of HIV-infected children and teen-ages in the CoRISpe were observed
from 1997 to 2015. Out of them, 77 children were excluded from this study because they were
not diagnosed with HIV infection in Spain. Fifteen children were excluded because they were
first followed in SPHU not participating in the CoRISpe. Of the remaining 532 children, 406
were Spanish (76.3%) and 126 were immigrants (23.7%) (Fig 1).
All children, except one HIV-2 infected child through blood products transfusion from
sub-Saharan Africa, were HIV-1 infected. Immigrant children came mainly from sub-Saharan
Africa (82 out of 126 (65.1%)) and Latin America (27 out of 126 (21.4%)). Children born in
foreign countries had lower %CD4 and CD4/mm3 and were in worse clinical situation at diag-
nosis than children born in Spain. A decrease in the number of HIV diagnoses was observed
through the calendar periods, mainly in Spanish children, whereas the number of immigrant
children increased from P1 to P3 and decreased in P4 (Table 1).
Thirteen children were HCV-coinfected, all were Spanish except one child from sub-Saha-
ran Africa. Nine children were HBV-coinfected, all were from sub-Saharan Africa except one
child from Eastern Europe (Table 1). Sixteen teen-agers, 8 male and 8 female, were HIV-
infected by sexual contact. They were mainly from Latin America (8 out of 16 (50%)) and
Spain (6 out of 16 (37.5%)), with median age 16.4 years [IQR: 15.4–16.7], 26%CD4 [IQR:
Fig 1. Flow-chart for the selection of HIV-infected children diagnosed in Spain from 1997 to 2015.
https://doi.org/10.1371/journal.pone.0223536.g001
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20.5–31] and 510 CD4/mm3 [IQR: 394–631] at diagnosis. Twelve out of 16 teen-agers (75%)
had CDC stage A, 2 out 16 (12.5%) had CDC stage B and 2 out of 16 (12.5%) had CDC stage C
at diagnosis. Three out of 16 (18.8%) had<350 CD4/mm3, two of them had <200 CD4/mm3.
A slight increase in sexual HIV diagnoses was observed throughout the study period (P1: 0
out of 203 (0%); P2: 2 out of 149 (1.3%); P3: 6 out of 130 (4.6%); P4: 8 out of 50 (16%)). See S1
Table for complete data by origin of the children.
2) Sociodemographic changes in perinatally HIV-infected children born in
Spain and their mothers
Out of 406 Spanish children, 387 (95.3%) were perinatally HIV-infected. Origin of 373 moth-
ers could be obtained, 299 were Spanish (80.2%) and 74 immigrants (19.8%) (Fig 1). Immi-
grant mothers were mainly from sub-Saharan Africa (39 out of 74 (52.7%)) and Latin America
(19 out of 74 (25.7%)). A decrease in the number of HIV-diagnosed children throughout the
study period was observed. This decrease was observed mainly in children born from Spanish
mothers, whereas the number of HIV-diagnosed children born from immigrant mothers
increased from P1 to P3, but declined in P4. There was a higher percentage of Spanish IDU
Table 1. Sociodemographic, clinical, immunological and virological profile of the HIV-infected children at diag-
nosis, by origin of the children.
Spanish Immigrants
N = 406 N = 126
Calendar period, N (%)
1997–2000 191 (47) 12 (9.5)
2001–2005 118 (29.1) 31 (24.6)
2006–2010 73 (18) 57 (45.2)
2011–2015 24 (5.9) 26 (20.6)
Sex, N (%)
Male 187 (46.1) 64 (50.8)
Female 219 (53.9) 62 (49.2)
HIV transmission mode, N (%)
Perinatal 387 (95.3) 89 (70.6)
Transfusional 3 (0.7) 11 (8.7)
Sexual 6 (1.5) 10 (7.9)
Unknown (mother not HIV infected) 10 (2.5) 2 (1.6)
Unknown (HIV mother status not known) 0 (0) 14 (11.1)
CDC stage, N (%) N = 402 N = 125
N-A 267 (66.4) 61 (48.8)
B 78 (19.4) 31 (24.8)
C 57 (14.2) 33 (26.4)
Coinfections, N (%)
HCV 12 (3) 1 (0.8)
HBV 0 (0) 9 (7.1)
%CD4, Median (IQR) N = 346 N = 119
28 (15.2–40) 17 (8.3–24.7)
CD4/mm3, Median (IQR) N = 348 N = 119
1176 (465–2185) 547 (213–1036)
Log Viral Load, Median (IQR) N = 354 N = 118
5.2 (4.6–5.9) 5.1 (4.5–5.7)
https://doi.org/10.1371/journal.pone.0223536.t001
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mothers than immigrant IDU mothers (52% vs. 5.6%, respectively). A decrease in the number
of IDU mothers was observed through the calendar periods (Table 2).
Eleven children were HCV-coinfected, all born from Spanish IDU mothers except one
child born from a Latin America mother, who was HIV-infected by sexual contact. A decrease
in the number of HCV-coinfected children was observed through the calendar periods, with
no cases in P3 and P4. Regarding the clinical and immune situation, a decrease in the number
of children with CDC B and C stages was observed throughout the study period, as well as a
slight increase in %CD4 (Table 2). See S2 Table for complete data by origin of the mothers.
3) Estimating the rate of new perinatal HIV diagnoses in children born in
Spain
Out of 406 Spanish children, 387 perinatally HIV-infected children were selected (Fig 1). A
decrease in the rate of new diagnoses by perinatal transmission per 100,000 inhabitants was
observed, from 0.167 in 1997 to 0.005 in 2015 (Fig 2).
Table 2. Sociodemographic, clinical, immunological and virological profile at diagnosis of perinatally HIV-infected children born in Spain and their mothers, by
calendar periods.
1997–2000 2001–2005 2006–2010 2011–2015
N = 174 N = 115 N = 65 N = 19
Origin of mothers, N (%)
Spanish 163 (93.7) 95 (82.6) 32 (49.2) 9 (47.4)
Immigrants 11 (6.3) 20 (17.4) 33 (50.8) 10 (52.6)
Period of HIV diagnosis for mothers, N (%)
Until childbirth 89 (51.1) 47 (40.9) 36 (55.4) 10 (52.6)
After childbirth 85 (48.9) 68 (59.1) 29 (44.6) 9 (47.4)
Mode of HIV transmission of mothers, N (%) N = 163 N = 110 N = 61 N = 18
IDU 90 (55.2) 47 (42.7) 11 (18) 2 (11.1)
No history of IDU 73 (44.8) 63 (57.3) 50 (82) 16 (88.9)
Sex of children, N (%)
Male 71 (40.8) 60 (52.2) 29 (44.6) 8 (42.1)
Female 103 (59.2) 55 (47.8) 36 (55.4) 11 (57.9)
Age of children, N (%)
<1 year 109 (62.6) 74 (64.3) 45 (69.2) 13 (68.4)
1–5 years 51 (29.3) 25 (21.7) 15 (23.1) 4 (21.1)
>5 years 14 (8) 16 (13.9) 5 (7.7) 2 (10.5)
Coinfections in children, N (%)
HCV 9 (5.2) 2 (1.7) 0 (0) 0 (0)
HBV 0 (0) 0 (0) 0 (0) 0 (0)
CDC stage of children, N (%) N = 169 N = 113 N = 65 N = 19
N-A 87 (51.4) 71 (62.8) 47 (72.3) 17 (89.5)
B 41 (24.3) 26 (23) 9 (13.8) 1 (5.3)
C 41 (24.3) 16 (14.2) 9 (13.8) 1 (5.3)
%CD4, Median (IQR) N = 148 N = 99 N = 63 N = 19
27.4 (16–36) 27 (13.9–40.5) 31.7 (21–46) 36 (27.5–44.9)
CD4/mm3, Median (IQR) N = 149 N = 99 N = 63 N = 19
1192 (439–2126) 1145 (578–2126) 1775 (691–2963) 1489 (935–2567)
Log Viral Load, Median (IQR) N = 153 N = 99 N = 63 N = 18
5.5 (4.9–6.1) 5.2 (4.7–5.7) 5.2 (4.2–5.9) 5.1 (4.5–5.7)
https://doi.org/10.1371/journal.pone.0223536.t002
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4) Estimating the rate of perinatal HIV transmission in Spain
From 6,441,654 childbirths reviewed in MDBS, 1,364,879 (21.2%) were excluded after being
adjusted by postal codes of patient’s place of residence. Of the remaining 5,076,775 childbirths,
6328 were from HIV-infected mothers (1.25‰). The proportion of childbirths from HIV-
infected mothers respect to total childbirths increased from 0.96‰ in 1997 to 1.7‰ in 2000
and then decreased to 0.96‰ in 2015 (Fig 3).
From 387 perinatally HIV-infected children born in Spain, 308 (79.6%) were born from 1st
January 1997 to 31st December 2015. Of them, 25 (8.1%) were excluded to adjust the number
of childbirths by postal codes of patient’s place of residence. Of the remaining 283 children, in
158 (55.8%) their mothers were diagnosed until childbirth (Fig 1). The estimated rate of peri-
natal HIV transmission in Spain decreased from 11.4% in 1997 to 0.4% in 2015 (Fig 4).
Discussion
This is the first nationwide study showing the changes in characteristics of HIV-infected chil-
dren and the trends of perinatal HIV transmission in Spain in the era of cART [6–9]. In our
study 532 children, who were HIV-diagnosed in Spain between 1997 and 2015, were included.
We observed a decrease in the number of HIV diagnoses throughout the study period, mainly
in Spanish HIV-infected children, and an increase in the number of HIV diagnoses in teen-
agers with sexual infection. We also observed a decrease in the rates of new perinatal HIV diag-
noses and perinatal transmission in children born in Spain.
Of the 532 children included, 406 were Spanish (76.3%) and 126 were immigrants (23.7%).
Immigrant children came mainly from sub-Saharan Africa, as other studies made in Western
Europe [4, 18–19], and Latin America. These children probably immigrated to Spain with
their families for linguistic and cultural reasons [20]. The immigrant children had worse clini-
cal and immunological situation at HIV diagnosis than Spanish children. It is essential to
screen immigrant children, who emigrate from countries with high HIV prevalence, to achieve
an earlier diagnosis and start as soon as possible cART [3].
We observed a decline in the number of new diagnoses from 1997 to 2015, mainly in Span-
ish children. However, the number of immigrant children increased from 1997 to 2010 and
decreased until 2015. Spain was a major migrant destination during the first decade of this
century, but immigration declined afterwards, probably due to the Spanish financial crisis.
Therefore, the number of HIV diagnoses in immigrant children grew from 1997 to 2010 and
declined until 2015 [21].
The increase in the number of HIV diagnoses in teen-agers by sexual contact is also
remarkable. Teen-agers and young adults represent an increasing group of HIV-infected peo-
ple worldwide. Approximately, 590,000 young adults from 15 to 24 years-old were HIV-
infected worldwide in 2017. A recent study shows that young adults in Spain do not have
appropriate knowledge of modes of HIV transmission [22]. Some possible reasons may
include loss of fear of AIDS, motivated by the efficacy of cART, recreational drug associated
with sexual intercourse or use of mobile applications to search risky sexual contacts [23, 24].
Public awareness campaigns directed to teen-agers are advisable to prevent HIV infection by
sexual contact [25, 26].
Out of 387 Spanish perinatally HIV-infected children, the origin of 373 mothers was
known, 299 were Spanish (80.2%) and 74 were immigrants (19.8%). Immigrant mothers came
mainly from sub-Saharan Africa and Latin America. We observed a decrease in the number of
perinatal HIV diagnoses throughout the study period, mainly in children born from Spanish
mothers. However, the number of children born from immigrant mothers increased from
1997 to 2010 and decreased until 2015. This trend was similar to the one observed in HIV-
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infected immigrant children and was probably due to the Spanish financial crisis [21]. We also
saw a decrease in the percentage of children with CDC B and C stage and an increase in %CD4
at diagnosis through the calendar periods. These findings were probably due to the administra-
tion of HIV testing to all pregnant women, according to the recommendations of the Spanish
Health Ministry and Clinical Guidelines. Subsequently, new perinatal HIV infections were
prevented, fewer HIV-infected mothers were diagnosed after childbirth and fewer HIV-
infected children were diagnosed with bad clinical and immune situation [1–4, 27–28]. Inter-
estingly, we saw a decrease in the number of IDU mothers and HCV-coinfected children.
Spain was one of the European countries more affected by the heroin epidemic in the 80’s.
Therefore, most of HIV and HCV co-infections during the first years of the HIV epidemic
took place through intravenous drugs [29]. However, the number of IDU decreased from 1994
(5102 out of 7495 new AIDS cases (68.1%)), to 2015 (84 out of 597 new AIDS cases (14.1%))
[10].
Fig 2. Rate of new perinatal HIV diagnoses in children born in Spain from 1997 to 2015.
https://doi.org/10.1371/journal.pone.0223536.g002
Fig 3. Proportion of childbirths from HIV-infected mothers in respect to total childbirths.
https://doi.org/10.1371/journal.pone.0223536.g003
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We saw a decline in the rates of perinatal HIV diagnoses and perinatal transmission in
Spanish children throughout the study period, due to PMTCT measures. However, this decline
could be also influenced by the decrease observed in the number of HIV-infected mothers
from 2000 to 2015. The number of new perinatal HIV diagnoses in Europe decreased by 47%
from 2008 (673) to 2017 (360), representing 1.4% of all new HIV diagnoses in 2008 and 0.8%
in 2017 [18]. In this sense, current rates in perinatal HIV transmission in Spain are similar to
the ones observed in other European and American countries [30–35].
Furthermore, our results suggest that Spain meets the three World and Health Organization
(WHO) impact targets for elimination of perinatal HIV transmission [36]. Our study shows
that: 1) the number of diagnoses of Spanish perinatally HIV-infected children decreased
through the calendar periods, from P1 (174) to P4 (19), whereas total childbirths ranged
between 293,518 in 2011 to 262,828 in 2015; 2) the rate of perinatal HIV transmission was
below 2% from 2010 (1.4%) to 2015 (0.4%). Regarding the third impact target, there is no
Spanish registry of HIV-infected pregnant women. In consequence, it is not possible to know
the real number of pregnant women living with HIV in Spain. However, coverage of HIV
screening for pregnant women is universal in Spain. The Spanish Clinical Guides recommend
HIV screening for all pregnant women within the first 3 months of pregnancy and in the third
trimester if the previous test was negative. Furthermore, PMTCT measures are offered to all
HIV-diagnosed pregnant women, and nucleic acid tests to detect HIV RNA or DNA are avail-
able for infant testing at birth, at 4–6 weeks and at 4–6 months. Thus, Spain would meet the
three impact targets and the validation criteria for elimination of perinatal HIV transmission.
Our study has important limitations: first, SPHU from some provinces could not partici-
pate in our study. Second, the study used retrospective data, and some data of children
included in our study were not available. However, the CoRISpe collects data from approxi-
mately 85% of all HIV-infected children diagnosed in Spain. Furthermore, the rates of perina-
tal HIV diagnoses and perinatal transmission were adjusted to consider HIV-infected children
followed in SPHU not participating in the CoRISpe. Therefore, we believe that the data of
SPHU children who do not participate in the CoRISpe and the missing data of the children
included in the study, likely did not affect our results. Third, MDBS does not collect data about
the clinical and immunological situation of HIV-infected mothers, origin, time of HIV diagno-
sis and cART received during their pregnancy and at childbirth. Therefore, it is not possible to
Fig 4. Rate of perinatal HIV transmission from 1997 to 2015.
https://doi.org/10.1371/journal.pone.0223536.g004
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know if there are any differences in regard to risk factors for perinatal HIV transmission
between Spanish and immigrant mothers. Fourth, MDBS only collects data from public hospi-
tals, and it is possible that some HIV-infected mothers gave birth in private hospitals or even
at home. In consequence, the proportion of childbirths from HIV-infected mothers in respect
to total childbirths and the rate of perinatal transmission could be different. Fifth, postal codes
of patient’s place of residence were used to adjust the number of childbirths, and it is possible
that some mothers gave birth in hospitals belonging to other provinces. Sixth, there are neither
registries nor studies regarding voluntary abortions in HIV-infected women in Spain. Data
from MDBS used in our study included only hospitalizations that were coded with a childbirth
procedure. An epidemiological surveillance system of HIV-infected pregnant women in Spain
could be set up, to clarify these questions.
In conclusion, we think that additional measures are needed to minimize the risk of perina-
tal HIV transmission in Spain. Universal antenatal screening is important to identify HIV-
infected women. Therefore, HIV testing should be offered to all women of childbearing age
and women who seek preconception counselling. In addition, routine HIV testing should be
also offered to teen-agers and young adult patients in primary health care clinics [37].
Although immigrant pregnant women have universal healthcare in Spain, we think that preg-
nancy awareness campaigns should be organised among immigrants. Finally, an epidemiologi-
cal surveillance system of HIV-infected pregnant women in Spain could be set up, to make
further studies about trends and risk factors in perinatal HIV transmission.
Supporting information
S1 Table. Sociodemographic, clinical, immunological, and virological profile of the HIV-
infected children at diagnosis, by origin of the children.
(DOCX)
S2 Table. Demographic, clinical, immunological, and virological profile of Spanish HIV-
infected children at diagnosis, by origin of the mothers.
(DOCX)
Acknowledgments
We wish to thank: a) Spanish Ministry of Health, Consumer Affairs and Social Welfare for
providing the records of the Minimum Basic Data Set (MBDS); b) All the patients and their
families for their participation and every researcher of CoRISpe Cohort Working Group for
making available the data.
CoRISpe Cohort Working Group
Study coordinators
Maria Luisa Navarro (Hospital General Universitario Gregorio Marañon, Madrid); Maria Isa-
bel Gonzalez-Tome (Hospital Universitario Doce de Octubre, Madrid).
Steering committee
Maria Isabel Gonza´lez-Tome´, Pablo Rojo (Hospital Universitario Doce de Octubre, Madrid);
Maria Jose´ Mellado (Hospital Universitario La Paz, Madrid); Jose´ Toma´s Ramos (Hospital
Clinico San Carlos Madrid); Pere Soler (Hospital Universitari Vall d’Hebron, Barcelona);
Claudia Fortuny, Ton Noguera (Hospital Materno-Infantil Sant Joan de Deu); Olaf Neth (Hos-
pital Universitario Virgen del Rocı´o, Sevilla); Africa Holguin (Hospital Ramo´n y Cajal,
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
PLOS ONE | https://doi.org/10.1371/journal.pone.0223536 October 24, 2019 11 / 16
Madrid); Marı´a Angeles Muñoz-Fernandez, Maria Luisa Navarro (Hospital General Universi-
tario Gregorio Marañon, Madrid).
Collaborating members
Marı´a Jose´ Mellado, Luis Escosa, Milagros Garcı´a Hortelano, Talı´a Sainz (Hospital Universi-
tario La Paz, Madrid); Marı´a Isabel Gonza´lez- Tome´, Pablo Rojo, Daniel Bla´zquez, Luis Prieto-
Tato, Cristina Epalza (Hospital Universitario Doce de Octubre, Madrid); Jose´ Toma´s Ramos
(Hospital Clı´nico San Carlos, Madrid); Sara Guille´n (Hospital Universitario de Getafe,
Madrid); Marı´a Luisa Navarro, Jesu´s Saavedra, Mar Santos, Mª Angeles Muñoz-Ferna´ndez,
Begoña Santiago, Santiago Jimenez de Ory, Itziar Carrasco (Hospital Universitario Gregorio
Maraño´n, Madrid); Miguel A´ngel Roa (Hospital Universitario de Mo´stoles, Madrid); Jose´
Beceiro, Marı´a Penı´n (Hospital Universitario Prı´ncipe de Asturias de Alcala´ de Henares,
Madrid); Jorge Martı´nez (Hospital Infantil Universitario Niño Jesu´s, Madrid); Katie Badillo
(Hospital de Torrejo´n, Madrid); Miren Apilanez (Hospital de Donostia, Guipu´zcoa); Itziar
Pocheville (Hospital de Cruces, Vizcaya); Elisa Garrote (Hospital de Basurto, Vizcaya); Elena
Colino (Hospital Insular Materno Infantil, Gran Canaria); Jorge Go´mez Sirvent (Hospital Uni-
versitario Virgen de la Candelaria, Tenerife); Mo´nica Garzo´n, Vicente Roma´n (Hospital Gen-
eral, Lanzarote); Abia´n Montesdeoca, Mercedes Mateo (Complejo Hospitalario Universitario,
Tenerife); Raquel Angulo (Hospital de Poniente de El Ejido, Almerı´a); Olaf Neth, Lola Falco´n
(Hospital Universitario Virgen del Rocio, Sevilla); Pedro Terol (Hospital Universitario Virgen
de la Macarena, Sevilla); Juan Luis Santos (Hospital Universitario Virgen de las Nieves, Gra-
nada); David Moreno (Hospital Regional Universitario Carlos Haya, Ma´laga); Francisco Len-
dı´nez (Complejo Hospitalario Torreca´rdenas, Almerı´a); Estrella Peromingo, Marı´a Montero
(Hospital Universitario Puerta del Mar, Ca´diz); Jose´ Uberos (Hospital Clı´nico San Cecilio,
Granada); Digna Espinosa, Rocı´o Montiel, Marı´a del Carmen Gutie´rrez Moro (Hospital La
Lı´nea de La Concepcio´n, Ca´diz); Beatriz Ruiz (Hospital Universitario Reina Sofı´a de Co´rdoba);
Ana Grande (Complejo Hospitalario Universitario Infanta Cristina, Badajoz); Francisco Jose´
Romero (Complejo Hospitalario, Ca´ceres); Carlos Pe´rez (Hospital de Cabueñes, Asturias);
Marı´a Martı´nez (Hospital Universitario Central, Asturias); Miguel Lillo, Antonio Javier
Cepillo (Complejo Hospitalario Universitario, Albacete); Begoña Losada (Hospital Virgen de
la Salud, Toledo); Mercedes Herranz (Hospital Virgen del Camino, Navarra); Matilde Bustillo,
Carmelo Guerrero (Hospital Universitario Miguel Servet, Zaragoza); Pilar Collado (Hospital
Clı´nico Universitario Lozano Blesa, Zaragoza); Marı´a Jesu´s Oliva´n (Hospital San Jorge,
Huesca); Jose´ Antonio Couceiro (Complejo Hospitalario Universitario, Pontevedra); Leticia
Vila (Complejo Hospitalario Universitario, La Coruña); Consuelo Calviño (Hospital Universi-
tario Lucus Augusti, Lugo); Ana Isabel Piqueras, Manuel Oltra (Hospital Universitario La Fe,
Valencia); Ce´sar Gavila´n (Hospital Universitario de San Juan de Alicante, Alicante); Elena
Montesinos (Hospital General Universitario, Valencia); Marta Dapena (Hospital General, Cas-
tello´n); Enrique Jareño (Hospital Clı´nico Universitario, Valencia); Cristina A´lvarez, Beatriz
Jime´nez (Hospital Universitario Marque´s de Valdecilla, Cantabria); Ana Gloria Andre´s (Com-
plejo Hospitalario, Leo´n); Vı´ctor Maruga´n, Carlos Ochoa (Complejo Hospitalario, Zamora);
Elena Urbaneja (Hospital Clı´nico Universitario, Valladolid); Santiago Alfayate, Ana Isabel
Menasalvas (Hospital Universitario Virgen de la Arrixaca, Murcia); Yolanda Ruiz del Prado
(Complejo Hospitalario San Milla´n-San Pedro, la Rioja); Pere Soler-Palacı´n, Maria Antoinette
Frick (Hospital Universitari Materno Infantil Vall d’Hebron, Barcelona); Antonio Mur, Nu´ria
Lo´pez (Hospital Universitari del Mar, Barcelona); Marı´a Me´ndez (Hospital Universitari Ger-
mans Trias i Pujol, Barcelona); Lluı´s Mayol (Hospital Universitari Josep Trueta, Girona);
Teresa Vallmanya (Hospital Universitari Arnau de Vilanova, Lleida); Olga Calavia (Hospital
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
PLOS ONE | https://doi.org/10.1371/journal.pone.0223536 October 24, 2019 12 / 16
Universitari Joan XXIII, Tarragona); Lourdes Garcı´a (Consorci Sanitari del Maresme de
Mataro´, Barcelona), Marı´a Teresa Coll (Hospital General de Granollers, Barcelona); Valentı´
Pineda (Corporacio´ Sanitària Parc Taulı´ de Sabadell, Barcelona); Neus Rius (Hospital Univer-
sitari Sant Joan de Reus, Tarragona); Joaquı´n Dueñas (Hospital Universitari Son Espases,
Mallorca); Clàudia Fortuny, Antoni Noguera-Julian (Hospital Sant Joan de De´u de Esplugues
de Llobregat, Barcelona) and Paediatric HIV-BioBank integrated in the Spanish AIDS
Research Network and collaborating Centers.
Author Contributions
Conceptualization: Santiago Jime´nez de Ory, Maria Angeles Muñoz-Ferna´ndez, Maria Luisa
Navarro.
Data curation: Santiago Jime´nez de Ory, Maria Angeles Muñoz-Ferna´ndez, Maria Luisa
Navarro.
Formal analysis: Santiago Jime´nez de Ory, Maria Angeles Muñoz-Ferna´ndez, Maria Luisa
Navarro.
Funding acquisition: Maria Angeles Muñoz-Ferna´ndez, Maria Luisa Navarro.
Investigation: Santiago Jime´nez de Ory, Jose´ Tomas Ramos, Claudia Fortuny, Marı´a Isabel
Gonza´lez-Tome´, Maria Jose´ Mellado, David Moreno, Ce´sar Gavila´n, Ana Isabel Menasal-
vas, Ana Isabel Piqueras, M. Antoinette Frick, Maria Angeles Muñoz-Ferna´ndez, Maria
Luisa Navarro.
Methodology: Santiago Jime´nez de Ory, Maria Angeles Muñoz-Ferna´ndez, Maria Luisa
Navarro.
Project administration: Maria Angeles Muñoz-Ferna´ndez, Maria Luisa Navarro.
Resources: Santiago Jime´nez de Ory, Jose´ Tomas Ramos, Claudia Fortuny, Marı´a Isabel Gon-
za´lez-Tome´, Maria Jose´ Mellado, David Moreno, Ce´sar Gavila´n, Ana Isabel Menasalvas,
Ana Isabel Piqueras, M. Antoinette Frick, Maria Angeles Muñoz-Ferna´ndez, Maria Luisa
Navarro.
Supervision: Santiago Jime´nez de Ory, Maria Jose´ Mellado, David Moreno, Ana Isabel
Piqueras, Maria Angeles Muñoz-Ferna´ndez, Maria Luisa Navarro.
Validation: Santiago Jime´nez de Ory, Jose´ Tomas Ramos, Claudia Fortuny, Marı´a Isabel Gon-
za´lez-Tome´, Maria Jose´ Mellado, Ce´sar Gavila´n, Ana Isabel Piqueras, M. Antoinette Frick,
Maria Angeles Muñoz-Ferna´ndez, Maria Luisa Navarro.
Visualization: Santiago Jime´nez de Ory, Jose´ Tomas Ramos, Claudia Fortuny, Marı´a Isabel
Gonza´lez-Tome´, David Moreno, Ana Isabel Menasalvas, M. Antoinette Frick, Maria Ange-
les Muñoz-Ferna´ndez, Maria Luisa Navarro.
Writing – original draft: Santiago Jime´nez de Ory, Maria Angeles Muñoz-Ferna´ndez, Maria
Luisa Navarro.
Writing – review & editing: Santiago Jime´nez de Ory, Jose´ Tomas Ramos, Claudia Fortuny,
Marı´a Isabel Gonza´lez-Tome´, Maria Jose´ Mellado, David Moreno, Ce´sar Gavila´n, Ana Isa-
bel Menasalvas, Ana Isabel Piqueras, M. Antoinette Frick, Maria Angeles Muñoz-Ferna´n-
dez, Maria Luisa Navarro.
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
PLOS ONE | https://doi.org/10.1371/journal.pone.0223536 October 24, 2019 13 / 16
References
1. World Health Organization (WHO)/HIV/AIDS Programme. Antiretroviral Therapy of HIV infection in
Infants and Children: Towards universal access. Recommendations for a public health approach [WHO
web site]. June 30, 2010. Available at: http://apps.who.int/iris/bitstream/10665/164255/1/
9789241599801_eng.pdf?ua=1. Accesed February 15, 2019.
2. Luzuriaga K, Mofenson LM. Challenges in the Elimination of Pediatric HIV-1 Infection. N Engl J Med.
2016 Feb 25; 374(8):761–70. https://doi.org/10.1056/NEJMra1505256 PMID: 26933850
3. Bamford A, Turkova A, Lyall H, Foster C, Klein N, Bastiaans D, et al. Paediatric European Network for
Treatment of AIDS (PENTA) guidelines for treatment of paediatric HIV-1 infection 2015: optimizing
health in preparation for adult life. HIV Med. 2018; 19(1):e1―e42. https://doi.org/10.1111/hiv.12217
PMID: 25649230
4. Bertie E, Thorne C, Noguera-Julian A, Rojo P, Galli L, de Martino M, et al. The new face of the paediatric
HIV epidemic in Western countries: demographic characteristics, morbidity and mortality of the paediat-
ric HIV-infected population. Pediat Infect Dis. J. 2015; 34(5 Suppl 1):S7―13.
5. Guille´n S, Prieto L, Jime´nez de Ory S, Gonza´lez-Granado I, Gonza´lez-Tome´ MI, Mellado MJ, et al.
[New diagnosis of HIV infection in children]. Enferm Infecc Microbiol Clin. 2012 Mar; 30(3):131–6.
https://doi.org/10.1016/j.eimc.2011.09.007 Epub 2011 Nov 25. Spanish. PMID: 22119095
6. Holgado-Juan M, Holgado-Juan MC, Garcı´a-Ron MT, Esteban-Ferna´ndez FJ, Prieto-Tato LM, Ramos-
Amador JT. [Characteristics of a cohort of pregnant women with human immunodeficiency virus infec-
tion]. Enferm Infecc Microbiol Clin. 2013 Mar; 31(3):147–51. https://doi.org/10.1016/j.eimc.2012.06.007
Epub 2012 Sep 1. Spanish. PMID: 22943833
7. Prieto LM, Gonza´lez-Tome´ MI, Muñoz E, Ferna´ndez-Ibieta M, Soto B, Del Rosal T, et al. Low rates of
mother-to-child transmission of HIV-1 and risk factors for infection in Spain: 2000–2007. Pediatr Infect
Dis J. 2012 Oct; 31(10):1053–8. https://doi.org/10.1097/INF.0b013e31826fe968 PMID: 22926219
8. Rojano I Luque X, Almeda Ortega J, Sa´nchez Ruiz E, Fortuny I Guasch C, Bertra´n I Sanguès JM, Mur
Sierra A, et al. [Trends of HIV mother-to-child transmission in Catalonia, Spain, between 1987 and
2003]. Med Clin (Barc). 2007 Oct 13; 129(13):487–93. Spanish.
9. Soriano-Arandes A, Noguera-Julian A, Fortuny C; NENEXP Cohort Study Group. Impact of immigration
on HIV mother-to-child transmission in Western Europe. HIV Med. 2017 Aug; 18(7):532–533. https://
doi.org/10.1111/hiv.12482 Epub 2016 Dec 30. PMID: 28035766
10. Epidemiological surveillance of HIV/AIDS in Spain. Update 30 June 2018; Spanish Ministry of Health,
Consumer Affairs and Social Welfare website. Available at: https://www.mscbs.gob.es/ciudadanos/
enfLesiones/enfTransmisibles/sida/vigilancia/home.htm. Accessed February 15, 2019.
11. de Jose MI, Jime´nez de Ory S, Espiau M, Fortuny C, Navarro ML, Soler-Palacı´n P, et al. A new tool for
the paediatric HIV research: general data from the Cohort of the Spanish Paediatric HIV Network (CoR-
ISpe). BMC Infect Dis. 2013; 13:2. https://doi.org/10.1186/1471-2334-13-2 PMID: 23282073
12. Garcı´a-Merino I, de Las Cuevas N, Jime´nez JL, Garcı´a A, Gallego J, Go´mez C, et al. Pediatric HIV Bio-
Bank: a new role of the Spanish HIV BioBank in pediatric HIV research. AIDS Res Hum Retroviruses.
2010; 26(2):241―244. https://doi.org/10.1089/aid.2009.0122 PMID: 20156108
13. Jime´nez de Ory S, Gonza´lez-Tome´ MI, Fortuny C, Mellado MJ, Soler-Palacin P, Bustillo M, et al. New
diagnoses of human immunodeficiency virus infection in the Spanish pediatric HIV Cohort (CoRISpe)
from 2004 to 2013. Medicine (Baltimore). 2017; 96(39):e7858.
14. Subdireccio´n General de Informacio´n Sanitaria e Innovacio´n. Registro de Actividad de Atencio´n Espe-
cializada. RAE-CMBD. Available at: https://www.mscbs.gob.es/en/estadEstudios/estadisticas/
cmbdhome.htm. Accessed February 15, 2019.
15. 2010 ICD-9-CM Diagnosis Codes. Available at: http://www.icd9data.com/. Accessed February 15,
2019.
16. CDC. 1994 Revised classification system for human immunodeficiency virus infection in children less
than 13 years of age. MMWR 1994; 43(No. RR-12).
17. Spanish Statistical Office (INE). Population figures 2015. [INE web site] Available at: http://www.ine.es/
dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176951&menu=resultados&idp=
1254735572981. Accessed February 15, 2019.
18. European Centre for Disease Prevention and Control/WHO Regional Office for Europe. HIV/AIDS sur-
veillance in Europe 2018–2017 data [ECDC web site]. Available at: https://ecdc.europa.eu/en/
publications-data/hivaids-surveillance-europe-2018-2017-data. Accesed July 15, 2019.
19. Cohen S, van Bilsen WP, Smit C, Fraaij PL, Warris A, Kuijpers TW, et al. Country of birth does not influ-
ence long-term clinical, virological, and immunological outcome of HIV-infected children living in the
Netherlands: a cohort study comparing children born in the Netherlands with children born in Sub-
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
PLOS ONE | https://doi.org/10.1371/journal.pone.0223536 October 24, 2019 14 / 16
Saharan Africa. J Acquir Immune Defic Syndr. 2015; 68(2):178―185. https://doi.org/10.1097/QAI.
0000000000000431 PMID: 25405830
20. Del Amo J, Likatavičius G, Pe´rez-Cachafeiro S, Hernando V, Gonza´lez C, Jarrı´n I, et al. The epidemiol-
ogy of HIV and AIDS reports in migrants in the 27 European Union countries, Norway and Iceland:
1999–2006. Eur J Public Health. 2011; 21(5):620―626. https://doi.org/10.1093/eurpub/ckq150 PMID:
21051469
21. Gemma R, Martı´nez JM, Garcı´a AM, Benavides FG, Ronda E. From the boom to the crisis: changes in
employment conditions of immigrants in Spain and their effects on mental health. Eur J Public Health.
2014; 3:404―409.
22. Velo-Higueras C, Cue´llar-Flores I, Sainz-Costa T, Navarro-Go´mez ML, Garcı´a-Navarro C, Ferna´ndez-
McPhee C, et al. Young adults and HIV. Awareness and risk behaviour of a group living in Spain.
Enferm Infecc Microbiol Clin. 2019 Mar; 37(3):176–182. [Article in English, Spanish]. https://doi.org/10.
1016/j.eimc.2018.05.015 PMID: 30017259
23. Rodger AJ, Cambiano V, Bruun T, Vernazza P, Collins S, van Lunzen J, et al. Sexual activity without
condoms and risk of HIV transmission in serodifferent couples when the HIV-positive partner is using
suppressive antiretroviral therapy. JAMA. 2016; 316:171–81, 12. https://doi.org/10.1001/jama.2016.
5148 PMID: 27404185
24. Gonza´lez-Baeza A, Dolengevich-Segal H, Pe´rez-Valero I, Cabello A, Te´llez MJ, Sanz J, et al. Sexual-
ized drug use (Chemsex) is associated with high-risk sexual behaviors and sexually transmitted infec-
tions in HIV-positive men who have sex with men: Data from the U-SEX GESIDA 9416 Study. AIDS
Patient Care STDS. 2018; 32:112–8. https://doi.org/10.1089/apc.2017.0263 PMID: 29620925
25. Centers for Disease Control and Prevention. Sexual Risk Behaviors: HIV, STD, & Teen Pregnancy Pre-
vention. 2017.
26. Amy L. Slogrove et al. Living and dying to be counted: What we know about the epidemiology of the
global adolescent HIV epidemic. J Int AIDS Soc. 2017, 20(Suppl 3):21520. https://doi.org/10.7448/IAS.
20.4.21520 PMID: 28530036
27. The Ministry of Health, Consumer Affairs and Social Welfare. Consensus document of Gesida/Secre-
tariat of the National AIDS Plan with respect to antiretroviral therapy in adults infected with human
immunodeficiency virus. (Ministry of Health, Social Services and Equality web site). 2013. Available at:
http://gesida-seimc.org/wp-content/uploads/2019/02/Guia_Tar_Gesida_Ene_2019.pdf. Accessed Feb-
ruary 15, 2019.
28. Recommendations of the Secretaria of the National AIDS Plan (SNAP), the Study Group of Aids SGA),
the Spanish Society of Gynecology and Obstetrics (SSGO) and the Spanish Association of Pediatrics
(SAP) for monitoring infection by HIV in relation to the reproduction, pregnancy and the prevention of
vertical transmission. Ministry of Health, Social Services and Equality website. Available at: https://
www.mscbs.gob.es/ciudadanos/enfLesiones/enfTransmisibles/sida/publicaciones/profSanitarios/
DocEmbarazoMarzo2013.pdf. Accessed February 15, 2019.
29. Aceijas C, Stimson GV, Hickman M, Rhodes T; United Nations Reference Group on HIV/AIDS Preven-
tion and Care among IDU in Developing and Transitional Countries. Global overview of injecting drug
use and HIV infection among injecting drug users. AIDS. 2004 Nov 19; 18(17):2295–303. https://doi.
org/10.1097/00002030-200411190-00010 PMID: 15577542
30. Townsend CL, Cortina-Borja M, Peckham CS, de Ruiter A, Lyall H, Tookey PA. Low rates of mother-to-
child transmission of HIV following effective pregnancy interventions in the United Kingdom and Ireland,
2000–2006. AIDS. 2008 May 11; 22(8):973–81. https://doi.org/10.1097/QAD.0b013e3282f9b67a
PMID: 18453857
31. Nave´r L, Lindgren S, Belfrage E, Gyllensten K, Lidman K, Gissle´n M, et al. Children born to HIV-1-
infected women in Sweden in 1982–2003: trends in epidemiology and vertical transmission. J Acquir
Immune Defic Syndr. 2006 Aug 1; 42(4):484–9. https://doi.org/10.1097/01.qai.0000224571.30119.3d
PMID: 16810115
32. Taylor AW, Nesheim SR, Zhang X, Song R, FitzHarris LF, Lampe MA, et al. Estimated perinatal HIV
infection among infants born in the United States, 2002–2013. JAMA Pediatr. 2017 May 1; 171(5):435–
442. https://doi.org/10.1001/jamapediatrics.2016.5053 PMID: 28319246
33. Galli L, Puliti D, Chiappini E, Gabiano C, Tovo PA, Pezzotti P, et al. Lower mother-to-child HIV-1 trans-
mission in boys is independent of type of delivery and antiretroviral prophylaxis: the Italian Register for
HIV Infection in Children. J Acquir Immune Defic Syndr. 2005 Dec 1; 40(4):479–85. https://doi.org/10.
1097/01.qai.0000164247.49098.0e PMID: 16280705
34. von Linstow ML, Rosenfeldt V, Lebech AM, Storgaard M, Hornstrup T, Katzenstein TL, et al. Prevention
of mother-to-child transmission of HIV in Denmark, 1994–2008. HIV Med. 2010 Aug; 11(7):448–56.
https://doi.org/10.1111/j.1468-1293.2009.00811.x PMID: 20146735
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
PLOS ONE | https://doi.org/10.1371/journal.pone.0223536 October 24, 2019 15 / 16
35. Warszawski J, Tubiana R, Le Chenadec J, Blanche S, Teglas JP, Dollfus C, et al. Mother-to-child HIV
transmission despite antiretroviral therapy in the ANRS French Perinatal Cohort. AIDS. 2008 Jan 11; 22
(2):289–99. https://doi.org/10.1097/QAD.0b013e3282f3d63c PMID: 18097232
36. World Health Organization (WHO)/Human reproduction programme. Global guidance on criteria and
processes for validation: elimination of mother-to-child transmission of HIV and Syphilis. [WHO web
site]. 2017. Available at: https://www.who.int/reproductivehealth/congenital-syphilis/WHO-validation-
MTCT/en/. Accesed July 15, 2019.
37. Committee on Pediatric AIDS, Emmanuel PJ, Martinez J. Adolescents and HIV infection: the pediatri-
cian’s role in promoting routine testing. Pediatrics. 2011 Nov; 128(5):1023–9. https://doi.org/10.1542/
peds.2011-1761 PMID: 22042816
Rates of new perinatal HIV diagnoses and infection in Spain from 1997 to 2015
PLOS ONE | https://doi.org/10.1371/journal.pone.0223536 October 24, 2019 16 / 16
